ABSTRACT -The objective was to evaluate elephant grass (Pennisetum purpureum Schum.) pastures, under the agroecological and conventional systems, as forage mass and stocking rate. In the agroecological system, the elephant grass was established in rows spaced by 3.0 m from each other. During the cool season ryegrass (Lolium multiflorum Lam.) was established between these rows, which allowed the development of spontaneous growth species during the warm season. In the conventional system the elephant grass was established singularly in rows spaced 1.4 m from each other. Organic and chemical fertilizers were applied at 150 kg of N/ha/year with in the pastures under agroecological and conventional systems, respectively. Lactating Holstein cows which received 5.0 kg/day supplementary concentrate feed were used for evaluation. The experimental design was completely randomized, with two treatments (agroecological and conventional systems) two replications (paddocks) and independent evaluations (grazing cycles). The pastures were used during the whole year for the agroecological system and for 195 days in the conventional year. The average values of forage mass were 3.5 and 4.2 t/ha and the stocking rates were 2.08 and 3.23 AU/ha for the respective systems. The results suggest that the use of the elephant grass under the agroecological system allows for best distribution of forage and stocking rate to be more uniform throughout the year than the use of elephant grass in conventional system.
Introduction
Elephant grass has been used in different Brazilian regions, mainly because of its high potential for forage production. Its use in pasture conditions has increased due to the improvement in the quality of forage offered and reduction in the involved manpower compared with its use as cutting forage.
Elephant grass is usually established alone in conventional agricultural farms. The farms that use elephant grass adopt the conventional production strategy based on productivity, which is established singularly. Soil nutrients are replenished mainly with chemical fertilizers. In dairy small farms it is notable that elephant grass has been found as an alternative in animal nutrition. In different Brazilian regions high stocking rate was achieved, from 4 to 8 cows/ha (Deresz et al., 2001) . Despite the high performance, research has many times revealed problems such as increase in production costs, mainly for nitrogen fertilizers and rangeland degradation (Dall'agnol et al., 2004; Deresz et al., 2006) . It is worth noting that in this system the use is concentrated in the warm season in the south region, with a great variability in forage production between the grazing cycles.
The management forms, inputs and technologies used in the agroecological strategy based on optimization of production are usually more appropriate to preserve the natural resource base, providing higher stability for the productive system. This type of agriculture involves perennial grasses, mixture of species, organic fertilization, and no use of pesticides. Thus, the objective of this experiment was to evaluate the forage mass and the stocking rate of elephant grass pastures managed under agroecological and conventional systems throughout four years. latitude 29º43´ and West longitude 53º42´. The soil of the experimental area is classified as red eutrophic argisol, belonging to the Sao Pedro mapping unit (Streck et al., 2002) . The climate of the region is Cfa (humid subtropical), according to the Köppen classification (Moreno, 1961) . The average temperature and monthly precipitation in the region are 18.5 ºC and 142 mm, respectively.
The research was conducted from May 2006 to April 2010. The average temperature, monthly precipitation and the number of frosts were 19.1 ºC; 141 mm and 20, respectively (Figure 1) . From April to November the average temperature, monthly precipitation and number of frosts were 15.9 ºC, 107 mm and 11 in 2006; 16.7 ºC, 120 mm and 22 in 2007; 15.7 ºC, 140 mm and 11 in 2008; and 15.5 ºC, 174 mm and 22 in 2009 . The data was collected at the UFSM Meteorological Experiment Station, located about 500 m away from the experimental site.
For the experiment, four paddocks of 0.12 ha each were managed separately during four years, each one in its production system (agroecological and conventional), stated in the treatment of the present study.
In the agroecological system managed according to principles contained in Instruction 46 of the Ministry of Agriculture Livestock and Food Supply (Brasil, 2011) , the elephant grass (Pennisetum purpureum Schum.), cultivar Merckeron Pinda, was established for twelve years in rows spaced by 3.0 m from each other. In May of each year ryegrass common cultivar (Lolium multiflorum Lam.) was sown between the rows of elephant grass, at a rate of 30 kg/ha, by scarifying the soil. In the warm season, the development of spontaneous growth species was allowed.
Soil analysis presented the following mean values at the beginning of the experimental period: SMP Index 6. In the conventional system the elephant grass was established singularly in rows spaced by 1.4 m from each other. Fertilization was performed in September of each year, based on the soil analysis, in which on average 40-80-70 kg/ha of N-P 2 O 5 -K 2 O were used; the urea-based nitrogen fertilization was 110 kg/ha fractionated into four applications.
The rotational grazing method was adopted, with occupation time of one to two days. The criteria for the grazing onset in the warm season (in both pastures) was the sward height of elephant grass, when it was around 1.2 m; in the cool season (in the agroecological system), the criteria was the height of ryegrass (about 20 cm). Before the beginning of grazing, samples were collected to estimate forage mass using the double sampling technique with 5 cuts and 20 visual estimates (Mannetje et al., 1978) . The elephant grass was cut at 50 cm from the soil. In the agroecological system the forage between the elephant grass rows were sampled at the ground level. The samples were weighed and homogenized, collecting a sub sample to determine the botanical composition of the pastures and of the structural components of the elephant grass. The levels of dry matter were determined for all samples, by oven drying at 105 ºC for 8 hours.
The stocking rate in the conventional pasture was calculated based on leaf blade allowance of elephant grass at 4 kg of dry matter per 100 kg body weight; in the agroecological system the same forage allowance was used considering one-third of the area occupied by the elephant grass; for the remaining two-thirds the proportional stocking rate was calculated aiming to maintain the forage allowance between 8 and 10 kg of dry forage mass per 100 kg of body weight. Lactating Holstein cows with 543 kg average body weight and 20.4 kg/day milk production which received 5.0 kg/day supplementary concentrate feed were used for the evaluation.
The experimental design was completely randomized with two treatments (forage systems), two replicated areas (paddocks) and independent evaluations (grazing cycles). The production systems were analyzed in each year. All data were subjected to analysis of variance and the means were compared by the F test at 5% probability. The analyses were made with the SAS (Statistical Analysis System, version 9.2) statistical package (2001). The statistical model referring to the analyzed variables was represented as:
Y ijkl = m + T i + R j (T i ) + G k + (TG) ik + C l + (GC) kl + ε ijkl , in which: Y ijkl = dependent variables; i = treatment indexes (forage systems); j = repetition indexes (paddocks); k = grazing cycle indexes; l = crop year; m = average for all reports; T i = effect caused by the treatments; R j (T i ) = effect of repetition in treatments (error a); G k = effect of grazing cycles; (TG) ik = interaction between treatments and the grazing cycles; C l = effect of crop year; (GC) kl = interaction between treatments and the crop year; and ε ijkl = residual experimental error (error b).
Results and Discussion
During the experimental period in the agroecological system, seven, six, eight and seven grazing cycles occurred in the respective crop years between May 2006 and April 2010; in the cool season there were three, two, four and four grazing cycles, respectively (Table 1) .
The forage mass over the four years evaluated was varied, proven by the year × grazing cycle interaction (P<0.05).
For the elephant grass managed under conventional system, there were four and seven grazing cycles in the crop years 2006-2008 and 2008-2010, respectively (Table 1) . The lower number of grazing cycles in the cool season between 2006 and 2007 was due to low rainfall between February and May, an average of 56.5 mm, 42% lower than the normal values, and also due to the low temperatures and high number of frosts observed in this period. In the next year (2007) (2008) ) the lower number of grazing cycles in the cool season was also due to the low temperatures. In the following two crop years there was a possibility of elephant grass use due to mild temperature conditions, where frosts occurred much later.
Evaluating the agroecological system in the cool season, the association between ryegrass and elephant grass is beneficial for the animals, since while the winter culture initially contains a highly value of protein and digestibility and lower fiber, the warm season shows an inverse trend for these variables (Olivo et al., 2007) . This condition is appropriate for the animals that have better possibilities of balancing their diet. It is also observed that an occurrence of cumulative frosts, searing the elephant grass leaves and the top of the stems, contributes to the protection of clumps and perpetuation of culture, since the animals consume little elephant grass in these phenological conditions. In contrast, one of the ways to increase the number of grazing cycles in the cool season is introducing oats (Sobczack et al., 2005) due to their precocity in association with ryegrass, which is a later culture.
During the evaluation of the pastures in the warm season, the grazing cycles varied from 30 to 37 days, considered appropriate (Fonseca et al., 1998) . Grazing cycles with an occupation period of two to three days for tropical species, associated with rest periods of 30 days, are related to the higher forage quality and to the better animal performance (Deresz et al., 2001; Soares et al., 2004) .
For the forage mass in the agroecological system there was little variability between the evaluations and crop years, compared with the conventional system, where the average was 3.6 t/ha in the cool season and 3.8 t/ha in the warm season. It should be noted, however, that the elephant grass, occupying about one-third of the area during the cool season, showed 38.4% of leaf blades as the average of four years (Table 2 ). This proportion is important in this forage system, since, despite the low development rate in this period, it shows an increase in the nutritive value of green forage (Olivo et al., 2007) . The high levels of straw observed in the dead material fraction may also constitute a major component for balancing the fibrous diet of cattle as well as protecting some stem parts from the frosts. Strategically, we emphasize the importance of elephant grass production in the fall, due to the low availability of forage that normally is verified in this period on dairy farms in the South of Brazil. In the warm season the values of forage mass were higher due to the contribution of elephant grass (Table 1) .
For the forage between the rows (occupying two-thirds of the area) there is a uniformity of forage mass during the evaluations of each crop year. The participation was 36.7% in the cool season, consisting mainly of ryegrass; in the warm season it was 28.4% based on species of the genus Paspalum spp., along with others such as Urochloa plantaginea (Link) Hitchc and Sida santaremnensis H. Monteiro.
In the conventional system the forage mass is concentrated in the period of higher development rates of the crop in summer, superior for the mean values (P<0.05) in relation to the agroecological system, due to this behavior and its higher production yield. Evaluating the forage mass during the crop years, we observed that the highest measures occurred between 2006 and 2007, partly due to the non-use of the pasture during the cool season (Table 1) ; between December and January, both in 2007-2008 and 2008-2009 , there was lower availability of forage due to the attack by spittlebug (Deois flavopicta Stal, Homoptera: Cercopidae), which infested both pasture systems. Control R. Bras. Zootec., 43(6):289-295, 2014 was performed with a biological insecticide (METARRIL ® ) that uses spores of Metarhizium anisopliae fungal as an active ingredient.
The average values obtained in both systems (Table 1) are similar to that found by Restle et al. (2002) , in Rio Grande do Sul in a forage system with Taiwan A-146 cultivar elephant grass alone, evaluated between December and April but fertilized with 500 kg/ha of nitrogen. A similar response was also observed by Lima et al. (2004) , in Sao Paulo, who evaluated the Guaçu cultivar fertilized with 250 kg/ha of nitrogen in the same period.
For the stocking rate (Table 1) , the mean values were 2.1 and 3.3 AU/ha considering the crop year for the agroecological system and 198 days for the conventional system. Considering the average time on the agroecological system (365 days), the stocking rate for the conventional DM -dry matter; EGFM -elephant grass forage mass; FMBR -forage mass between the rows of elephant grass; BW -body weight; CV -coefficient variation.
Means followed by the same lowercase letters (column) and uppercase letters (row) differ significantly at 5% probability. system was 1.8 AU/ha. A higher variability was observed in the cool season due to the dependency of elephant grass on the environmental conditions; the highest stocking rate is found in the agroecological pasture due to the contribution of ryegrass, mainly. Similar value to that of the present study was obtained by Sobczak et al. (2005) , with 1.53 AU/ ha in pasture managed under the organic production. An average stocking rate of 1.64 AU/ha was obtained in the cool season under the conventional system by Marchezan et al. (2002) in mixed pastures with ryegrass, white clover and birdsfoot trefoil with diverse levels of fertilization, used by beef cattle. In the warm season the stocking rate values are higher (Figure 2 ) due to the higher contribution of elephant grass. The average stocking rate value of 1.99 AU/ha is lower than the 3.01 AU/ha obtained by Olivo et al. (2009) in elephant grass pasture and forage peanut (Arachis pintoi Krap. & Greg.) subjected to an agroecological transition management. For the pasture managed under the conventional system the stocking rate is associated with the forage availability. A higher stocking rate, of 4.5 AU/ha was found by Deresz et al. (2001) in a pasture with Napier elephant grass alone, but using a higher level of fertilization during a shorter period of evaluation managed with lactating cows.
Conclusions
The values of forage mass and stocking rate show that pastures subjected to agroecological management are more frequent used, with a higher number of grazing cycles and a lower dependency on weather conditions. In the conventional production, forage distribution is more irregular in elephant grass alone.
